*7 2- 


3 4 

NASA TECHNICAL * 7 2- 24 9 40 

MEMORANDUM 

NASA TMX - 64657 


ATM/CABLE ARCH AND BEAM STRUCTURAL TEST PROGRAM 


Astronautics Laboratory 


January 1972 





NASA 

George C. Marshall Space Flight Center 
Marshall Space Flight Center, Alabama 


MSFC - Form 3190 (Rev June 1971) 


TECHNICAL REPORT STANDARD TITLE PAGE 


1. REPORT NO. 2. GOVERNMENT ACCESSION NO. 

TM X- 64657 


4. TITLE AND SUBTITLE 

, ATM/Cable Arch and Beam Structural Test Program 


7. AUTHOR (S) 

J. A. Housley 


9. PERFORMING ORGANIZATION NAME AND ADDRESS 

George C. Marshall Space Flight Center 
Marshall Space Flight Center, Alabama 35812 


12. SPONSORING AGENCY NAME AND ADDRESS 

National Aeronautics and Space Administration 
Washington, D. C. 20546 


15. SUPPLEMENTARY NOTES 


3. RECIPIENT’S CATALOG NO. 


5. REPORT DATE . 

January 1972 


6. PERFORMING ORGANIZATION CODE 


8. PERFORMING ORGANIZATION REPORT fl 


10. WORK UNIT NO. 


II. CONTRACT OR GRANT NO. 


|13. TYPE OF REPORT a PERIOD COVERED 


Technical Memorandum 


14. SPONSORING AGENCY CODE 


Prepared by Test Division, Astronautics Laboratory, Science and Engineering 


16 . abstract 

This report describes the structural testing of an Apollo Telescope Mount (ATM) 
Cable Arch and Beam Assembly. Static loads were applied to simulate the critical 
’ conditions expected during transportation and launch of the ATM. 

During the running of Test 4 a failure occurred in the fitting ( MSFC drawing 
30M16275-3) which, in the rack assembly, attaches the arch to the roll ring. Fol- 
lowing installation of a redesigned part, the test was successfully rerun. 

All test objectives were met. Stress and deflection data show that the assembly 
is structurally adequate for use in the ATM. 


17. KEY WORDS 

ATM Cable Arch and Beam Testing 

Test Conditions 

Test Hardware 

Test Setup 

Instrumentation 

Test Procedure 


19. SECURITY CLASSIF. (of this report) 


18. DISTRIBUTION STATEMENT 

Unclassified - Unlimited 




Unclassified 


20. SECURITY CLASSIF. (of this page) 

Unclassified 




22. PRICE 


$ 3.00 
























TABLE OF CONTENTS 


INTRODUCTION 

TEST CONDITIONS 

TEST HARDWARE . . . 

TEST SETUP 

INSTRUMENTATION 

TEST PROCEDURE 

RESULTS . . 

CABLE -ARCH LOAD DEFLECTION TESTS 


Page 

1 

1 

2 

2 

3 

3 

4 

5 


Hi 



LIST OF TABLES 


Table Title Page 

1. Limit Load Values 7 

2. Test Data, Load Case 1 8 

3. Test Data, Load Case 2 17 

4. Test Data, Load Case 3 26 

5. Test Data, Load Case 4, First Run 35 

6. Test Data, Load Case 4, Second Run 39 

7. Test Data, Load Case 4, Final Run . 43 

8. Test Data, Load Case 5 52 

9. Test Data, Load Case 6 61 

10. Test Data, Load Case 7 70 

11. Test Data, Load Case 8 79 

12. Test Data, Cable -Arch Load Deflection Tests, 

Horizontal Load 88 

13. Test Data, Cable-Arch Load Deflection Tests, 

Vertical Load 89 


iv 



LIST OF ILLUSTRATIONS 

Figure Title Page 

1. Hydraulic cylinder and load cell locations 90 

2. Test setup, overall view 91 

3. Test setup, side view 92 

4. Test setup, view from outboard side 93 

5. Data system block diagram 94 

6. Instrumentation drawing 95 

7. Fitting failure. Case 4, first run 97 

8. Fitting failure, Case 4, first run 98 

9. Fitting failure. Case 4, first run 99 

10. Fitting failure. Case 4, second run 100 

11. Fitting failure. Case 4, second run . 101 

12. Test setup for arch load deflection tests 102 


V 



TECHNICAL MEMORANDUM X- 64657 

ATM/CABLE ARCH AND BEAM STRUCTURAL TEST PROGRAM 

INTRODUCTION 


The Apollo Telescope Mount (ATM) Cable Arch and Beam is the struc- 
tural assembly which provides support for electrical cables which run from 
the rack frame to equipment located in the canister. This report describes a 
series of structural tests performed on a Cable Arch and Beam Assembly to 
qualify its design for use in orbital missions. 

Loads applied during these tests simulated the most severe conditions 
which are expected to occur during transportation of the ATM aboard the Super 
Guppy airplane and during launch of the Saturn V booster. Particular objec- 
tives were: 


1. To verify the structural integrity of the Cable Arch and Beam 
Assembly. 

2. To determine deflections and stresses securing xmder maximum 
loading conditions and to determine the amount of permanent set after removal 
of loads. 


3. To verify analytical methods used to predict stress levels and 
deflections. 

These tests were performed in accordance with the document "Struc- 
tural Test and Instrumentation Requirements for the ATM Cable Arch and 
Beam" issued by Analytical Mechanics Division, Astronautics Laboratory, 
Science and Engineering (S&E— ASTN— A). 

TEST CONDITIONS 


Four conditions of testing were jjerformed under aircraft transporta- 
tion conditions. The cases were; 

1. Case 1 — High angle of attack; x = -3.95, z' = 0.242, 9 = 0.0023 

2. Case 2 — Steady state floor vibration; x = -1. 0, z‘ = 1. 52, 
e = 0.0223 



3. Case 3 — Steady state floor vibration; x = 1.0, z‘ = -1.52, 

*0 = 0.0223 

4. Case 4 — Steady state floor vibration; x =-1.0, y = 1.52, 

*0 = 0.0223, 

and four conditions of testing were performed under flight conditions. The 
cases were: 


5. 

Case 5 — 

Saturn 1-B Liftoff; 

X = 3.93, 

z‘ = 0.56, 

0 

= -0.0053 

6. 

Case 6 — 

Saturn 1-B Liftoff; 

X = 3.93, 

V = -0. 56, 

• • 

0 

= 0.0053 

7. 

Case 7 

Saturn 1-B Liftoff; 

X = 3.93, 

y -- 0. 56, 

• • 

0 

= 0.0053 

8. 

Case 8 — 

Saturn V maximum 

acceleration; x = 4. 7. 




Accelerations, x, y, *z* are in ”g' s”. Angular acceleration, 0 , is in radian/ 
sec^. Those not given are zero. 

It will be noted that loads of cases 5, 6, and 7 are for flight onboard a 
Saturn IB on which the ATM was originally scheduled to be launched. These 
were used since the design was based on them and they were more severe than 
the corresponding Saturn V conditions. 

Theoretical load values for each condition are given in Table 1. Loads 
were applied at the points shown in Figure 1. 

TEST HARDWARE 

Hardware for these tests was a structurally complete cable arch, roll 
adapter, and beam assembly as shown in Figure 2. Also refer to Marshall 
Space Flight Center ( MSFC) drawings 10M22003, 10M24003, 30M16223, and 
30M16224. 

TEST SETUP 

Tests were performed in the extension to the load test annex of building 
4619, of the MSFC. The test hardware was located in a specially built test 
fixture (MSFC drawing 90M04402) which supported the beam at its four end 
points and the arch at its -X end ( Figs. 2-4) . 

Loads were applied through hydraulic cylinders at the points shown in 
Figure 1 and were controlled by a load maintainer which allowed the required 
forces to be applied uniformly as percentage increments of limit levels. 
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INSTRUMENTATION 


Instrumentation consisted of 25 electrical deflection indicators (EDI), 

'32 uniaxial strain gages, 20 triaxial strain gage rosettes and 10 load cells. 

The outputs of the transducers were monitored by a computer- controlled data 
acquisition system as schematically shown in Figure 5. This system was an 
analog to a digital conversion link between the test setup and a GE 235 computer 
which produced a printout of all transducer readings, in engineering vmits, 
within approximately 2 min of the time a data scan was requested. 

Locations of the strain gages and deflection transducers are shown in 
Figure 6. Load cell locations are as shown in Figure 1. The polarity of the 
electrical deflection transducers and load cells was set such that a positive 
number in the computer printout indicates deflection or load in the directions 
shown. 


TEST PROCEDURE 


Before the running of each test, the load maintainers were pressure 
calibrated at the 100-percent level. During this operation, hydraulic lines 
going to the cylinders were blocked off so that the structure was not loaded. 

Once calibration was completed and when the data system was ready, 
zero load conditions were obtained by pressurizing cylinders 1 and 5 to pro- 
duce a lifting force equal to the dead weight of the test fixtures attached to the 
specimen. A zero reference scan was then made on the computer. Loads 
were then slowly applied to the 20-, 40- and 60-percent levels with a data scan 
being taken at each increment. While loads were being increased to these 
levels, hydraulic pressures were visually monitored to confirm that the applied 
loads were "in the ballpark". 

At the 60-percent load level, the computer printout of load cell readings 
was reviewed by the test engineer and by a representative of Space Structure 
Section, Strength Analysis Branch, Analytical Mechanics Division, Astronautics 
Laboratory, Science and Engineering (S&E— ASTN— ASP) to verify that all loads 
were being applied in the right direction and that they were close to the right 
magnitude. Since strain gage data at this load level, in each case, indicated 
that stresses were of a relatively low level, and since the load maintainers 
control less accurately at lower pressures and tend to correct themselves as 
the calibration level is neared, no effort was made to fine tune the loads at the 
60-percent level. 
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Once the 60-percent data were deemed acceptable, loading proceeded 
to the 80-percent level where another data scan was made and reviewed. Loads 
were then fine tuned by adjusting the hydraulic pressure in each cylinder which 
the printout showed to be applying a load significantly different than its correct 
load. After the necessary pressure changes were finished, an additional load 
scan was made. Loads were then raised to the next higher load increment. 

This procedure was followed' in each test case for raising loads to load 
levels of 80 percent or greater. For each case, data scans were taken and 
reviewed at the 0 , 20 , 40 , 60 , 80, 100, 110, 120 and 125 percent of limit load 
levels. Additional load scans were taken at levels requested by Strength Anal- 
ysis Branch, Analytical Mechanics Division, Astronautics Laboratory, Science 
and Engineering (S&E— ASTN— AS), as shown in the printouts, while loads were 
being removed. 


RESULTS 


Tests 1, 2 and 3 were completed without failure. In each case, 
recorded stresses were well below the yield point of the material. Measured 
deflections, particularly lateral deflections of the arch, were several times 
greater than had been anticipated. Predictions furnished by S&E— ASTN— AS 
indicated that the maximum deflection occurring in any test would be about 
0.457 cm (0. 18 in. ). Actual measured deflections exceeded 1. 09 cm (0.43 in.) 
in each test. Data from these tests are shown in Tables 2-4. 

During the running of Test 4 a failure occurred in the fitting (MSFC 
drawing 30M16275-3) which, in the rack assembly attaches the arch to the 
roll ring. In the setup for these tests, however, the roll ring was replaced 
by the test fixture. The failure, (Figs. 7-9) , occurred after the 80 percent 
of limit data had been reviewed and accepted. Loads were being raised to the 
100-percent level, but as the 98-percent level was reached the failure occurred. 
Since failure of this part was unexpected, it was not instrumented. Data from 
this test are given in Table 5. 

The maximum stress recorded by any gage prior to (80 percent of limit) 
the failure was 1716 psi (gage 226). As in the other cases deflections were 
much higher than predicted with the highest deflection recorded at the 80- 
percent level being 3. 0 cm (1. 18 in. ). 

Another set of attachment fittings, identical to those used at the time 
of failure, was installed to allow the continuation of the test program while 
stronger parts were being designed and fabricated. 
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Load Cases 5, 6, 7 and 8, which produced a less severe reaction in 
these fittings, were then run. As before, measured stresses were low and 
deflections were high. During the first attempt to perform load conditions 5, 
it was noted that the portion of the test fixture to which the upper end of the 
arch was attached exhibited an excessive torsional deformation. Testing was 
stopped until reinforcement was made. 

Case 5 was then renm to completion. Comparison of data from- these 
two runs indicate that deflections of the specimen in the latter case were lower 
by an average of approximately 15 percent. It may be concluded that deflections 
seen in the cases run earlier were similarly influenced by the stiffness of the 
test fixture. No attempt was made in the design of the test fixture to duplicate 
the stiffness of the roll ring or other rack attachment points. 

Cases 6, 7 and 8 were run without incident. In each case stresses were 
low level, but deflections were higher than predicted. 

S&E-ASTN-ASP requested that Case 4 be rerun with the old type fit- 
ting to determine if deflection of the test fixture caused a premature failure. 
During the second run, the fitting did, in fact, sustain a higher load, with 
failure occurring this time as the 110 percent of limit loads were being 
reviewed. The mode of failure was essentially identical to the previous failure 
(Figs. 10 and 11). 

The redesigned fittings (MSFC drawing No. 30M18254) were then instal- 
led and successfully loaded to the 125 percent of limit load level. 

A record of applied loads and resulting stresses and deflections is given 
in Tables 2-11. 


CABLE -ARCH LOAD DEFLECTION TESTS 


Following completion of the transportation and flight load cases, tests 
were performed at the request of the Development Section, Structural Devel- 
opment Branch, Engineering Division, Astronautics Laboratory, Science and 
Engineering (S&E-ASTN-ESD) to determine spring rates of the cable arch. 

For these test the fixtures were modified as shown in Drawing 
90M04483 and Figure 12. This setup provided for loading the roll ring end 
of the arch in either the radial or longitudinal direction. Boilers bearing 
against two sides of the loading plate limited the direction of motion of the 
arch end to that of the applied load. 
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Incremental loads were applied by adding precalibrated weights to a 
cable attached to the end of the loading plate. Data from three mechanical 
deflection indicators were recorded manually at each load increment. 

A record of applied loads and resulting deflections is given in Tables 
12 and 13. 
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TABLE 1. LIMIT LOAD VALUES (100 PERCENT) 
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TABLE 2. (Continued) 
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TABLE 2. (Continued) 
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TABLE 2. (Continued) 


































































































TABLE 3. TEST DATA, LOAD CASE 2 
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TABLE 3. (Continued) 
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TABLE 4. (Continued) 
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TABLE 4. (Continued) 






TABLE 4. (Continued) 
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TABLE 5. TEST DATA, LOAD CASE 4, FIRST. RUN 
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TABLE 6. TEST DATA, LOAD CASE 4, SECOND RUN 
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TABLE 11. (Concluded) 






TABLE 12. TEST DATA, CABLE -ARCH LOAD DEFLECTION TESTS, HORIZONTAL LOAD 
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Referenced to initial zero 




TABLE 13. TEST DATA, CABLE -ARCH LOAD DEFLECTION TESTS, VERTICAL LOAD 
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Figure 1. Hydraulic cylinder and load cell locations. 
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Figure 2. Test setup, overall view. 
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Figure 3. Test setup, side view. 
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Figure 4. Test setup, view from outboard side. 
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Figure 5. Data system bloek diagram. 













Figure 6. Instrumentation drawing 
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Figure 7. Fitting failxure, Case 4, first run. 
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Figure 8. Fitting failure, Case 4, first run. 
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Figure 10. Fitting failure, Case 4, second run. 







Figure 12. Test setup for arch load deflection tests. 
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